Ru=O complexes have been demonstrated to be competent oxidants for oxidation of saturated hydrocarbons and epoxidation of alkenes . Photoexcitation of transdioxoosmium(V1) gives rise to super-oxidizing complexes having EO >2.2 V vs. n.h.e.. Some cationic RuZN and OsZN complexes are good model system for study of the mechanism of metalcatalysed oxidation of ammonia to nitrite and activation of diiiitrogen molecule. With 2,3-diamino-2,3-dimethylbutane as ligand, reversible Os(1V)-amide/Os(III)-amine and Ru(V)-imido/Ru(II)-amine redox couplexes are observed.
INTRODUCTION
The study of high-valent metal complexes with the metal ion multiply bonded to a heteroatom continues to be an active area of research (1). Of particular interest to us is 0x0, nitrido and imido-ruthenium and -osmium complexes in high oxidation states (2). These complexes have strong dn-pn interactions. Because of the high E O value, the highly oxidizing ruthenium ion would compete with the heteroatom for the bonded electron pair(s). T h e shift in the electron density would render the heteroatoin to be v e r y electrophilic [ Fig.11 . Thus an oxidation state of -11 for the oxygen atom in non-oxidizing metal-oxo complexes may be an appropriate description but the situation could be quite different in the cases of ruthenium-oxo and in some high-valent osmium-oxo complexes. To account for the high affinity of [Fe1V(porp+.)O] ( porp+.= porphyrinato cation radical ) in the oxidation of saturated C-H bonds, Sawyer and coworkers suggested the term I' oxenell to describe the oxygen atom of the Fe=O unit (3). In this context, it is likely that Ru=O is similar to Fe=O. a highly oxidizing metal ion would change an organoimido ligand from a 6-electron donor to a 4-electron one. In the extreme case, the metal ion is in a lower oxidation state and the organoimido group behaves like a We also suggest that " nitrene " . 
RU'rHENIUM-OX0 COMPLEXES
Cationic Ru=O complexes can be prepared by oxidation of the corresponding R u -O H 2 precursor in aqueous solution with Ce(1V) (2).This method is successful to the preparation of a wide variety of Ru=O complexes with different auxiliary ligands and with ruthenium ion in oxidation states IV to VI (2). Even some cis-dioxoruthenium(V1) and monooxoruthenium(V The high 1 y ox id i zi n g cis (1 1 ), respectively. These findings highlight a H-atom abstraction mechanism for the oxidation of C-H bond by the Ru=O moiety.
The reaction is facilitated by charge tranfer from the C-H bond to the Ru=O moiety since other cationic Ru=O complexes having lower E O are not reactive towards oxidation of saturated C-H bonds (15). The importance of charge-1 Rate Cocflicienl, IO'k2 I . ...
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transfer mechanism in C-H bond oxidation is also substantiated by the observed linear correlation of log(rate constants) versus EO(Ru=O) in the oxidation of benzyl alcohol (16) and tetrahydrofuran (17) by transdioxoruthenium(V1). by 340 mV leads to a 105 fold increase in rate constants of benzyl alcohol oxidation. Similar effect has also been encountered in the oxidation of tetrahydrofuran (Table 3) (21) . Although the le-reduction E O of [Ruv1(porp)02] are low, these complexes can oxidize the 30(C-H) bonds of methylcyclohexane and adamantane to give 1 -methylcyclohexanol 1 -adamantan01 respectively in reasonable yields (22) . Although the kinetic isotope effect for the oxidation of saturated C-H bonds had not been determined due to the slowness of the reaction, oxidation of cyclohexene by [RuVI(TPP)Oz] (H2TPP= tetraphenylporphyrin) proceeds with a kinetic isotope effect of 11.7 (22) . This would suggest a [Ru=O---H-$-3 transition state for the oxidation as that described above. With [RuVI(TCDP)02] [H2TCDP= meso-(tetrakis(2,6-dichlorophenyl)porphyrin] as catalyst (1 9), oxidation of cyclohexane to cyclohexanol and cyclohexanone by t-BuOOH has been observed but the yield of organic products with respect to the consumption of tBuOOH are disappointingly low ( less than 10%).
Alkene oxidation by
Ru=O complexes have been demonstrated in many instances. The reactions for most of the cationic macrocyclic Ru=O complexes are not selective, charge-transfer in nature, and usually lead to cleavage of C=C bond (2). Two classes of sterically bulky Ru=O complexes were found to undergo concerted oxygen atom transfer reactions with alkenes. The first is 
PHOTOCHEMICAL GENERATION OF HIGHLY OXIDIZING OSMIUM(V1)-OX0 COMPLEXES.
A convenient mean to generate highly oxidizing metal-oxo complexes is the irradation of uv-visible light. While trans-dioxoosmium(V1) is usually unreactive and has low E O value, uv-visible excitation of these complexes lead to a long-lived excited state in fluid solution at room temperature. t r a n s - is 4 x 105 and 1 x 107 M-1s-1 respectively. Neutral trans-dioxoosmium( VI) complexes that bear CN-and polypyridine ligands have also been found to have emissive 3[(dxy)1(dxz,dyz)1] excited state in solution at room temperature (25). Table 5 lists the photophysical properties of these complexes. Their excited state lifetimes are considerably shorter than that of trans-[OsVI(TMC)02]2+ presumably this is due to the non-rigidity of the complexes. 
ELECTROPHILIC RUTHENIUM AND OSMIUM-NITRIDO COMPLEXES
cationic RuEN complex (2) is known, It is well established that oxidation of
D= aromatic donor
The coupling between [OsV(NH3)4N]2+ and [OsvI( NH3)4N]3+ appears to be a one-step reaction with a second order rate constant of 3.75 x l o 5 M-1s-l. This is indeed a very fast reaction despite it involves the synchronized transformation of two OsEN units to a bound dinitrogen molecule. Thus the electrophilic OsEN and RuZN complexes serve as good model for study of biological nitrite reductase and dinitrogen activation reaction.
IMIDO AND AMID0 COMPLEXES OF RUTHENIUM AND OSMIUM
Osmium-imido complexes are not uncommon in literature but there are only a few examples of ruthenium-imido complexes. We found that similar to the preparation of Ru=O complexes, oxidative deprotonation of Ru-NH2R provides a simple entry to high-valent Ru=NR complexes (29 By reacting [RuVINCI4]-with tmen, a novel cis-bis(amido)ruthenium(IV) complex, [RuIv( tmen)( tmen-H)2]2+, has been isolated and characterised by xray crystal analysis (26, 27) . The Ru-N(amido) distances in this complex are 1.835(7) and 1.850(8) A, indicative of very strong dx-px interaction.
